Until lately the only options available for immediate and temporary vascular access for hemodialysis were the external shunt and femoral vein cannulation. In many units these procedures have been largely replaced by the indwelling subclavian cannula.
PNEUMOTHORAX
The most frequent traumatis complication is pneumothorax (2) . Its incidence has been variously quoted as 0.5% (4), 1.12% (5) , and 3% (6) .
Pneumothoraces that require treatment usually respond to needle aspiration or chest drainage, but fatalities have been described in the following situations: (a) Bilateral pneumothoraces after bilateral attempted subclavian venipuncture (13, 16) (b) Unilateral pneumothorax in patients with previous contralateral pneumonectomy (13) (c) Unilateral pneumothorax with contralateral hydrothorax (9) (d) Unilateral pneumothorax in patients with severe emphysema on ventilators (10) .
HEMOTORAX
Hemothorax is one of the more common complications, its incidence in three series being 0.16% (3), 0.56% (5) , and 0.76% (4) . Patients have died after laceration of a major vessel (subclavian artery (11) , subclavian vein (12) , and distal branches of the pulmonary artery (13) , or from the direct infusion of a blood transfusion through a malpositioned catheter with its tip in the pleural cavity (14) . Our recent fatality was caused by the cateheter perforating the right atrium, pericardium, and right parietal pleura, thus creating a track through which a massive hemothorax developed after the catheter was withdrawn (1).
AIR EMBOLISM
Air embolism occurs in 0.56% of subclavian venipunctures (5) . Fatalities have usually occurred at the time of catheter insertion (19) but also at a later time when the catheter connections became disengaged (21) , and even after cannula removal, when air was sucked through the residual track (22) .
As little as 100 cc of air forced rapidly into the venous circulation has been fatal (23) . The significance of this became obvious when Flanagan (20) , calculated that a 14-gauge needle with an internal diameter of 0.072 inches can transmit 100 cc of air per second when a pressure drop of 5 cm of water exists across the needle. Death occurs from bubbles obstructing the pulmonary arterial outflow tract of from froth passing into the cerebral circulation. Early diagnosis and treatment can be life saving.
The patient must be placed at once on his left side with the head down, so air can rise to the apex of the heart, (thus reversing the air lock) and froth can by-pass the carotid vessels and go to the caudal half of the body where it is relatively harmless.
PERICARDIAL TAMPONADE
Pericardial tamponade is an uncommon cause of death after subclavian catheterization, but has been reported after perforation of the superior vena cava (17) and right atrium (18) . Perforation occurs either at insertion (17), or after the rigid structure of the catheter and the contractions of the right atrium have combined to cause a delayed erosion of the myocardium. Merrill et al (18) described a patient who died from cardiac perforation and pericardial tamponade when a subclavian hemodialysis catheter was advanced "blindly" without a guide wire.
HYDROMEDIASTINUM AND HYDROTHORAX
The infusion of fluids through a malpositioned catheter has resulted in deaths from hydromediastinum (22) and from hydrothorax (9) . Hurwitz and Posnar (25) reported two patients who developed embolic cerebral infarction after attempted subclavian venipuncture and who died three weeks later. They hypothesized that inadvertent puncture of the common carotid artery in one case, and possibly of the vertebral artery in the other, dislodged thrombi into the cerebral circulation.
CEREBRAL INFARCTION

PREVENTION
It is interesting that the literature contains only four reports of deaths related to a subclavian hemodialysis catheter. We know from talking to our colleagues that there have been more. Erben et al (8) described two patients who died with pneumothorax (one associated with bleeding into the mediastinum, and the other with a hemothorax), while Fine et al (17) and Merrill et al (18) described fatalities due to cardiac perforations. Since the first description of subclavian vein cannulation for hemodialysis, extensive experience with subclavian catheters has been reported (4, 5, 8, 26, 27 ). Erben's two fatalities are the only deaths in these five large series which total over 8,000 hemodialyses. The mortality rate associated with the use of subclavian dialysis catheters thus appears extremely low. Yet based on a knowledge of the potential lethal complications, we would like to offer the following advice in an effort to help others to prevent trauma and death.
The operator should be experienced and have a de-228 tailed knowledge of the anatomy of the subclavian region. Our own policy is to restrict the procedure to senior staff and carefully trained and supervised nephrology fellows. This is not a technique to be delegated to unsupervised junior medical residents. Bernard and Stahl (6) demonstrated that the complication rate associated with infraclavicular subclavian venipuncture correlated with the experience of the operator. Those who had performed more than 50 subclavian venipuncture had no complications, whereas those who had done less than 50 had an 8.1 % complication rate. Patient selection is also important. Subclavian venipuncture should never be attempted in an agitated patient, nor in one who has had a previous pneumonectomy. The procedure should not be used in breathless patients, particularly if the lungs are hyperinflatied from emphysema. One must carefully calculate the risk in patients on intermittent positive pressure ventilation. If the cause of the dyspnoea is acutely reversible or if dialysis will be required once or twice (as in cases of severe selfpoisoning) it is our policy to perform the first one or two hemodialyses through a femoral catheter. Other relative contraindications to the procedure include gross obesity, skeletal abnormalities of the clavicle and bony thorax, and coagulopathies.
The method of catheter insertion has been described in detail elsewhere (26) , but certain points require emphasis. The patient should be positioned head down in the Trendelenburg position to reduce the risk of air embolism. The right side is preferable if there is a choice, in order to avoid the higher left dome of the pleura. We have also found that the double lumen subclavian catheter lies in a smoother curve, which avoids kinking, if passed from the right side. (28) . After adequate skin sterilization, the subclavian vein is punctured. If the vein is missed, the needle should be withdrawn to the skin to avoid deep probing and possible laceration of the vessel or surrounding structures. The soft end of the guide wire is then introduced. If resistance is encountered, the wire should be pulled back, then advanced again. If the guide wire goes up the internal jugular vein into the neck the patient will experience discomfort in the neck or ear. It can be encouraged to pass down into the superior vena cava by asking the patient to raise his shoulder and rest his ear on the shouder of the same side. This manoeuvre will narrow the angle between the internal jugular vein and the subclavian vein, thus discouraging the guide wire from entering the internal jugular vein. Very occasionally we are obliged to use an image intensifier to pass a guide wire under direct vision. This has always been successful in even the most difficult cases.
We have never left a catheter in the internal jugular vein, for fear of causing internal jugular vein thrombosis. Once the guide wire is in the correct position the subcla-vian catheter is introduced and the guide wire removed. Free easy aspiration of blood through the catheter indicates intravascular placement.
The use of a subcutaneous tunnel (26) not only stabilizes the cateheter and probably reduces the risk of infection, but also reduces the chance of air entering through the track left by a catheter which has accidentally slipped out. After further stabilizing the catheter with the double "OP-SITE" dressing technique (26), a chest X-ray is taken to check that the catheter is ideally positioned with its tip at the junction of the superior vena cava and right atrium, and to diagnose any traumatic complications of the subclavian catheterization (a chest X-ray taken in deep expiration demonstrates small pneumothoraces). The X-ray must naturally be examined by the physician and must be taken even after unsuccessful venipunctures. A chest X-ray should also be taken after an unsuccessful attempt to catheterize one subclavian vein, before trying to cannulate the contralateral vessel. In this way, bilateral pneumothoraces would be avoided.
Subclavian dialysis catheters are stiffer than other catheters, and hence the potential for vascular perforation is greater. We have fuond that polyurethane, especially at body temperature, is a more flexible than teflon. However, we believe that in future all subclavian hemodialysis catheters should have "floppy" tips which cannot perforate the vasculature even if they are misused. Similarly, the production of a range of catheter lengths is imperative in order to tailor a cannula to body size and to prevent the catheter tip from sitting in the heart. This would reduce the risk of "late" cardiac perforations.
Once the catheter is satisfactorily placed, dialysis or plasmapheresis can be started. However, if the subclavian artery has been accidentally punctured during attempted venipuncture, dialysis should be postponed if possible, for 24 hours, to reduce the risk of hemorrhage when the patient is heparinized. One of our patients sustained a life-threatening hemothorax when hemodialysis was started 4 hours after an inadvertent subclavian artery puncture.
During and in between dialyses all catheter connections should be of the luer lock variety and should be taped to prevent accidental disconnnection and consequent hemorrhage or air embolism. This applies especially to intravenous infusions through subclavian catheters in patients who are not being watched. For the same reasons, the catheter terminals are fitted with luer-Iock injection caps, the connections are taped and a secure clamp is placed across the Silastic segment between dialyses.
It is worth mentioning that during dialysis subclavian catheters do not trigger an alarm in the event of cardiac arrest. This is in contrast to patients being dialysed through an external shunt or a fistula, when cardiac arrest will trigger an arterial negative pressure alarm. This important difference was brought to our attention in the macabre case of a patient being dialysed through a subclavian catheter who pulled his sheet over his head to go to sleep. When his nurse came to check his vital signs he had been dead for an undertermined period of time. He could not be resuscitated. Without our knowledge we had been dialysing a corpse. The cause of his death was probably an arrhythmia which may have been reversible if it had been detected.
If a catheter slips partially out of a patient, it must never be pushed back in without first introducing a guide wire to ensure its safe return to a correct position (18) . All paramedical personnel helping to take care of the patient must be warned about this.
Once a subclavian hemodialysis catheter has served its purpose, it should be removed, and not used for minor procedures such as blood sampling, drug administration or routine fluid infusion that could be more safely performed using a peripheral intravenous site, or a small-bore central line.
Finally, it is sensible to regard any chest pain, dyspnoea, or hypotension, occuring in a patient with an indwelling subclavian catheter, as being catheter related until proved otherwise. It follows from this that hemodialysis and plasmapheresis teams should have within reach the necessary expertise to deal with lifethreatening traumatic emergencies in the thorax.
